The microphysical properties and processes of water (liquid-phase) clouds in the 2 mid-latitudes were studied using space-borne radar and radiometer data, with a focus on 3 comparisons between continental (over China) and oceanic (over the northwest Pacific) 4
same procedure was then conducted downward from the highest layer, and the first layer 1 that satisfied all the conditions was called the "cloud top of the higher layer" (CTH). If 2 CTL and CTH were identical, we considered the cloud layer to be single-layered. 3
Otherwise, we concluded that the atmospheric column consisted of multilayered clouds. 4
The latter (liquid-phase) requirement was identified by the CloudSat cloud mask criterion 5
and an echo-top temperature warmer than 273K. We compared our cloud phase 6 identification with the information of the 2B-CWC-RVOD product, which combined 7 MODIS and CloudSat data. The results showed that 81.1% of our estimation of water 8 agreed with the 2B-CWC-RVOD product over land and 75.2% agreed over ocean. 9 10
Probability distribution functions (PDFs) of cloud parameters 11 12
To investigate the overall characteristics of clouds, we first constructed PDFs of 13 cloud parameters (τ c , r e , LWP, N c , and Z e ) over land and ocean, as shown in Fig. 2 . Figure  14 2(a) shows that both land and oceanic clouds had a similar PDF of τ c , whose mode value 15 was about 25, indicating that land clouds were slightly thicker optically. Figure 2 
(b) 16
shows that oceanic clouds had distinctly larger r e than did land clouds and this difference 17 was significant judging from the uncertainty of 1 µm considered in this study. Oceanic 18 clouds had a higher mode value of the LWP than did land clouds, caused by larger values 19
of r e (Figure 2 observational studies (e.g., [28] ). Also shown in Figure 2 (e) is the PDF of Z e for all the 7 cloud layers. It was found that both land and oceanic clouds had bimodal characteristics, 8 and the mode value for oceanic clouds (roughly 2 dBZ) was larger than that of land 9 clouds (roughly -8 dBZ). Also, oceanic clouds showed a higher frequency of Z e > -5dBZ 10 than did land clouds, and vice versa. These features of land and oceanic clouds are similar 11 to those reported by KS12 for clouds over China and the Amazon, respectively. 12
For studying how these characteristics of cloud properties were related to 13 precipitation processes, the cloud-to-rain transition processes were analyzed in terms of 14 precipitation categories defined according to the maximum Z e value within the cloud layer. 15
The precipitation categories were defined with threshold values as follows: (i) 16 non-precipitating (Z e < -15 dBZ); (ii) drizzle (-15 dBZ < Z e < 0 dBZ), and (iii) 17 precipitating (0 dBZ < Z e ), following Suzuki et al. [29] . L'Ecuyer et al. [1] further divided 18 the drizzle category into two subcategories of drizzle (-15 dBZ < Z e < -7 dBZ) and light 19 rain (-7 dBZ < Z e < 0 dBZ), although that classification was not used here. In addition to 20 the three categories above, we also introduced the category of total-precipitating events(-15 dBZ < Z e ) as combined category of the drizzle and precipitating categories defined 1 above. These four categories are hereafter referred to as Z e 1, Z e 2, Z e 3, and Z e 4, 2 respectively. The two threshold values of -15 and 0 dBZ dividing these categories were 3 superimposed in Figure 2 (e). Although Suzuki et al. [29] utilized near-surface 4 non-attenuated radar reflectivity from the CloudSat 2C-PRECIP-COLUMN data available 5 only over the ocean, we used the maximum radar reflectivity within the cloud layer for 6 consistent analyses over both land and ocean. 7 8
PDFs of cloud parameters as a function of Z e 9 10
Next, we analyzed the PDFs of cloud parameters as a function of Z e to examine 11 how they tend to change with changing Z e , taking Z e as the horizontal coordinate and theIt should be noted that the LWP and N c are by-products and are not independent of 1 τ c and r e . We used the LWP obtained from τ c and r e in the present study for consistent 2 analyses over both land and ocean. It would be of interest in future studies to apply the 3 same procedure to microwave-derived LWP values, which would be independent of 4 optical measurements, for a comparison of oceanic cloud behavior since the microwave 5 retrievals are available only over the ocean. 6 7
Fractional occurrence of precipitation categories as a function of the LWP 8 9
We analyzed the fractional occurrences of the four categories (Z e1 -Z e4 ) as a 10 function of the LWP and the results are shown in Fig. 5 . In this study, the fractional 11 occurrence was calculated as the ratio of the number of samples that satisfied the 12 condition to the total number of samples in the bin. Note that the PDF is not shown in Fig.  13 5(a)-(d), unlike in Fig. 2(a) -(e). Lebsock et al. [12] found that the probability of 14 precipitation, defined as the fractional occurrence of precipitation events, increased 15 monotonically with the LWP for oceanic clouds. In [15] . These studies offered a 1 new diagram called the contoured frequency by optical depth diagram (CFODD) using 2 optical depth as the vertical coordinate, instead of geometric height, to describe the 3 vertical profile of the radar reflectivity, which is taken as the horizontal coordinate. Suzuki 4 et al. [15] utilized the cloud adiabatic model to distribute in-cloud optical depth from the 5 total optical depth determined from MODIS shortwave radiances, providing a vertical 6 slicing of the optical depth in a manner independent of the radar reflectivity profile 7 information. We adopted this CFODD approach to investigate the vertical structures of 8 water clouds over land and ocean. We classified CFODDs according to N c to directly 9 interpret the relationships of cloud parameters in the context of the aerosol indirect effect, 10 following KS12. This approach differs from those of Nakajima et al. [14] and Suzuki et al. 11 [15] , who classified CFODDs according to r e . To examine the transitional characteristics 12 of cloud vertical profiles, three N c categories, referred to as N 1 , N 2 , and N 3 , were 13 introduced to correspond with higher, moderate, and lower cloud droplet number 14 populations, respectively. Thresholds of 80 cm -3 and 120 cm -3 were used to divide these 15 categories for both land and oceanic cloud analyses. 16
The CFODDs for N 1 , N 2 , and N 3 are shown in Fig. 8(a-c) and (d-f) for 17 measurements over land and ocean, respectively. Overall, the main features describing a 18 transition from N 1 to N 3 were similar between oceanic and land clouds. More specifically, 19 high-frequency regions shifted to a larger Z e and a smaller τ c as N c decreased from N 1 todecreases and r e increases through coalescence, resulting in a decrease in τ c due to a 1 reduction in the total cross-section of particles. Moreover, the total water within clouds 2 decreases with precipitation events. Evaporation might also decrease the particle size and 3 eliminate particles, both of which result in τ c decreasing via liquid water loss. and Fig. 8(e) of the N 2 case are also similar, moving to slightly larger Z e than the N 1 case. 6
As for the N 3 case, Fig. 8(f) shows that oceanic clouds are more frequent in optically 7 thicker and larger Z e regions, which suggests more precipitation, compared to the land 8 clouds shown in Fig. 8(c) . A larger Z e corresponds to larger r e , which is consistent with 9 the larger r e of oceanic clouds. Moreover, the N 3 cases are even more different from the 10 The PDFs of cloud optical and microphysical parameters were reasonable and 5 consistent with previous studies, such that r e was smaller and N c was larger for land 6 clouds. These results support Twomey's idea regarding the differences in aerosol 7 abundance between land and ocean. Although the distributions of τ c were similar between 8 land and oceanic clouds, LWP was larger for oceanic clouds owing to larger values of r e . 9
For the PDF of Z e , both land and oceanic clouds had bimodal shapes. We also found that 10 the oceanic clouds had a larger mode of Z e and higher frequencies at the larger Z e range. 11
Then, we classified the precipitation characteristics into the four categories 12 non-precipitating, drizzle, precipitating, and total-precipitating, using the thresholds of 13 -15 and 0 dBZ to divide categories. Next, we analyzed the PDFs of cloud parameters as a 14 function of Z e in order to examine how they tend to change with changing Z e , taking Z e as 15 the horizontal coordinate and the PDFs of cloud parameters as the vertical coordinate. 16 on the whole, land cloud parameters showed less distinct trends for Z e > 0 dBZ. Then, the 20 fractional occurrences of these precipitation categories were examined as a function ofthe LWP (Fig. 5) . General trends were found to be very similar between land and oceanic 1 clouds, such as a monotonically decreasing trend in the non-precipitating, a convex shape 2 for the drizzle, and monotonically increasing trends of both the precipitating and 3 total-precipitating categories. Although both land and oceanic clouds showed the convex 4 shape for the drizzle category, the peak value of LWP was larger for land clouds, 5
implying that more cloud water is required for drizzle particles to form over land than 6 over ocean because of smaller cloud droplets over land. The same tendencies were also 7 found in the precipitating category that shows larger LWP values over land for the 8 fractional occurrence to reach the same value as over ocean. 9
We further analyzed the fractional occurrences of the precipitation categories in 10 terms of two-dimensional representations of cloud parameters, such as combinations of 11 τ c -r e and LWP-N c , instead of the LWP alone. Systematic changes in the transition 12 regarding pairs of the cloud parameters were captured well for all precipitation categories. 13
The transition pattern was generally similar between land and oceanic clouds. As Suzuki 14 et al. [29] suggested, use of this two-dimensional method can reveal the detailedshows that the oceanic clouds had larger modes of Z e and were more frequent in the 1 larger Z e range. However, whether a cloud was of land or oceanic origin made little 2 difference in N 1 . 3
At last, let us summarize the discussion on relations among τ c , r e , LWP and N c . 4
The LWP and N c , which were derived from and were not independent of τ c and r e in this 5 study, are important parameters in current analyses such that the LWP is taken as the 6
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